The need for new antifungal substances and alternative antifungal treatments is becoming more and more obvious. One of the most promising and ecologically safe possibilities could be based on taking advantage of a plant's natural antifungal properties. This work presents the results of extensive screening experiments focused on the antifungal inhibitory effect of 49 plant species against 6 dangerous toxinogenic plant and human fungal pathogens: Fusarium oxysporum, F. verticillioides, Penicillium expansum, P. brevicompactum, Aspergillus flavus and A. fumigatus. 14 plant species with the most significant antifungal effect were then compared according to their MIC 50 values. The most sensitive target fungus was the toxinogenic and human pathogenic species A. fumigatus. Superior antifungal activity was finally proved in the case of Chenopodium bonus henricus, Origanum dictamnus and O. vulgare. All three superior effective species are non-toxic to mammals, and they are also frequently used as culinary and medicinal plants. They could be seriously considered as a promising source for the future, with a great potential as bioactive components of environmentally safe botanical fungicides. In addition, this is the first study describing the antifungal effect of Chenopodium bonus henricus.
INTRODUCTION
Toxinogenic and pathogenic fungi currently represent a very serious health risk, mainly on account of their ability to produce highly toxic and dangerous secondary metabolites during their colonization of various substrates such as stored food or other agricultural commodities. Apart from their toxinogenic and potential health risks for consumers, fungi represent one of the major factors capable of significantly decreasing the yield and quality of agricultural products. In terms of food safety, species of the Fusarium, Penicillium and Aspergillus genera represent the most significant group of toxinogenic and *Corresponding author. E-mail: mzabka@centrum.cz. Tel: +420233022285. Fax: +420233311592. pathogenic fungi, mainly thanks to their worldwide distribution and their ability to produce a great majority of known mycotoxins (Pittet, 1998; D'Mello et al., 1998; Prange et al., 2005) . Pathogenic and toxinogenic fungi are mostly controlled by applying synthetic fungicides on the field, or in stores in the case of postharvest treatment. Those treatments are very complicated in many cases due to high toxicity to mammals, or other side effects and residual persistency (Jiang et al., 2005; Cus et al., 2010; Mullin et al., 2010) . In addition, the Aspergillus and Fusarium genera in particular are known to include species which are able to cause very serious human mycoses (Hennequin et al., 1997; Charlier et al., 2005; Maschmeyer and Haas., 2006) . Treatment of the mentioned human mycoses is actually the most problematic and questionable because of the direct toxicity and side effects of the synthetic fungicides, e.g., voriconazole or amphotericine B, frequently used for medicinal purposes (Imhof et al., 2006; Lantarnier and Lortholary, 2008) . In addition, the number of resistant pathogenic and toxinogenic fungal species is increasing (Becher et al., 2010; Bueid et al., 2010; Howard et al., 2010; Kim et al., 2010; Mortensen et al., 2010) . And therefore the need for new antifungal substances and alternative treatments is becoming more and more obvious. One of the most promising and environmentally safe possibilities could be based on taking advantage of botanical fungicides. The fact that plants have developed, through evolution, an effective defence system makes them the richest natural source of bioactive compounds, and their various biological activities may provide potential natural alternatives to the use of synthetic pesticides. The promising biological activities of many plant extracts or essential oils have recently become a focal point of research dealing with the search for new environmentally safe fungicides. Their mild toxicity to mammals and their natural origin confirms the hypothesis that it is necessary to study the effects of plant extracts on significant toxinogenic plant and human fungal pathogens (Shukla et al., 2008; Singh et al., 2008 Singh et al., , 2009 Webster et al., 2008; Zabka et al., 2009 Zabka et al., , 2011 Prasad et al., 2010) . This study presents the invitro antifungal activity of 49 plant extracts of selected medicinal plant species against the significant toxinogenic plant and human fungal pathogens Fusarium oxysporum, Fusarium verticillioides, Penicillium expansum, Penicillium brevicompactum, Aspergillus flavus and Aspergillus fumigatus.
MATERIALS AND METHODS

Plant material and extraction
Fresh plant material from each of the selected species (Table 1) was collected in the flowering season 2011. Voucher specimens of all the plant species studied were deposited in the respective herbaria of our institute. The plant material was shade-dried at 40°C. The laboratory cutter GAM Copmact L3/230 was us ed to grind the shade-dried plant material into powdery form. One hundred percent methanol (500 ml of CH3OH for 100 g of plant powder) was used to extract active compounds for 24 h. The crude extracts were separately filtered and CH3OH was evaporated under reduced pressure in a rotary evaporator. The crude extracts were stored at 7°C until further assay.
Fungal strains
All target pathogenic and toxinogenic fungal strains were obtained from a collection of pathogenic fungi maintained in the Crop Research Institute, Prague, Czech Republic. F. oxysporum and F. verticillioides strains were isolated originally from an infected corncob, whereas P. brevicompactum, P. expansum, A. flavus and A. fumigatus were isolated from contaminated stored corn. Strains were preserved on slant agar (Potato Carrot Agar) at 4°C. Subcultivations on Petri dishes and other manipulations with these Zabka et al. 6469 strains were carried out in the Bio Security Level Two (BSL 2) laboratory with respect to the BSL of Fusarium and Aspergillus species used in our experiment.
Determination of inhibitory effects of the extracts
Inhibitory effect of plant extracts on the growth of fungi was tested by the agar dilution method (Quiroga et al., 2001) . Dried plant extract were dissolved in an equal volume of methanol. The dissolved extracts were properly diluted in Potato Dextrose Agar (PDA) at a concentration of 2 mg/ml. The final concentration of the solvent (methanol) in the PDA was 0.75% v/v. The prepared Petri dishes (9.0 cm diameter) were aseptically inoculated with assay disc (0.4 cm) cuts from the periphery of a 7 day-old culture of the target fungi. The control sets were subsequently prepared using an equal volume of methanol without extracts. Experiment was performed in triplicates. Incubation was carried out in the dark at 21°C for s even days. The percent inhibition of the radial growth of the target fungi was calculated according to the following formula:
where DC is the colony diameter of the control sets and DT is the colony diameter of the treated sets. Extracts whose inhibitory effect on mycelial growth was higher than 50% at the basic concentration of 2 mg/ml were chosen for further testing for evaluation of median inhibitory concentration (MIC50). The value of MIC50 was determined by the method of graded concentration of the plant extracts (0.1, 0.25, 0.5, 1, 1.5 and 2 mg/ml) in the PDA. Cultivation was carried out the same way as before (in the dark at 21°C, for 7 days). The MIC50 was regarded as the concentration of plant extract resulting in 50% inhibition of visible growth when compared with control sets.
Statistical analysis
The Probit analysis was applied to assess the MIC50 values for each effective extract. The EPA Probit analysis program (Version 1.5) was used for statistical evaluation. The MIC50 values were statistically estimated and associated with 95% confidence limits for each extract showing basic fungal growth inhibition higher than 50% (Finney, 1971) .
RESULTS
The inhibitory effects of all 49 tested methanolic extracts at the basic concentration of 2 mg/ml are presented in Table 2 . Almost all plant extracts affected the growth of the target fungi, but only the extracts obtained from presented in Table 3 . According to the MIC 50 values and the number of affected target fungi, the methanolic extracts from Ch. bonus-henricus, O. dictamnus and O. vulgare were determined to be most effective. MIC 50 values also highlighted the differences among the sensitivities of target fungal species. The least sensitive target fungal species to the plant extracts tested in this study was A. flavus. This fungus was effectively inhibited only in the case of the most effective extracts from Ch. bonus-henricus (MIC 50 = 0.74 mg/ml), O. dictamnus (MIC 50 = 1.07 mg/ml) and O. vulgare (MIC 50 = 1.36 mg/ml) mentioned above. The target fungal species F. verticillioides was also effectively inhibited only in the case of the same plant extracts, Ch. bonus-henricus (MIC 50 = 0.44 mg/ml), O. dictamnus (MIC 50 = 0.57 mg/ml) and O. vulgare (MIC 50 = 0.65 mg/ml), but on the basis of the lower MIC 50 values it is possible to evaluate F. verticillioides as being more sensitive to these extracts than A. flavus. The most sensitive target fungal species in this study, by far, was the dangerous human pathogenic and toxinogenic A. fumigatus. This fungus was not effectively inhibited only by extracts from L. officinale and A. major, and MIC 50 values of effective extracts varied from 0.11 to 1.52 mg/ml.
DISCUSSION
Ch. bonus-henricus, O. dictamnus and O. vulgare
were determined to be the most effective species. These plant extracts strongly affected the growth of all target fungi. The strong antifungal activity of O. dictamnus and O. vulgare methanolic extracts is probably connected with the content of phenolic compounds with antioxidative activity, primarily caffeic acid, coumarinic acid, and rosemarinic acid, which were mentioned in several previous studies (Fu et al., 2010; Danila et al., 2011) . As for O. dictamnus and O. vulgare, their antifungal activities have been mentioned in literature but with a focus mainly on essential oils, not methanolic extracts (Sahin et al., 2004; Mitchell et al., 2010; Lazar-Baker et al., 2011) .
The antifungal properties of the plant species Ch. bonus henricus have not yet been described in any other scientific literature. Nevertheless, we suppose that the newly discovered extraordinary antifungal effect of Ch. bonus-henricus exhibited in our work is probably based on the content of the bioactive group of saponins. These natural substances were formerly described as the one of the main bioactive compounds present in the Chenopodium species (Dini et al., 2001a, b) . In addition to antifungal activity (Woldemichael and Wink, 2001; Abad et al., 2007) , antibacterial, antiviral, antiallergic, antiinflammatory, and hepatoprotective or gastroprotective activities, among others, have been described in the case of saponins (Dinda et al., 2010) . However, further investigation is needed for elucidation of the observed antifungal activity. Direct identification of the main antifungal compounds of these extracts will be a topic of our next work. According to the values of inhibitory effect at the basic screening concentration of 2 mg/ml, it is apparent that the fungal growth inhibitory effect of Ch. (Liolios et al., 2010; Barros et al., 2011) . However, in our opinion, Ch. bonus-henricus is by far the most interesting species. The high efficiency of the Ch. bonus-henricus extract in low concentrations, together with its record of safety for human use, tested over generations, make this culinary and medicinal species (Leporatti and Ivancheva, 2003; Guarrera, 2003, Guarrera and Manzi, 2005; Gonzales-Tajero et al., 2008) a plant with a very favourable potential in the field of safely suppressing pathogenic fungi.
MIC 50 values also highlighted the differences among the sensitivities of target fungal species. As the results showed, the least sensitive fungal species to the plant extracts tested in this study was A. flavus. This fungus was significantly affected only in the case of the most effective extracts from Ch. bonus-henricus, O. dictamnus and O. vulgare. This experimental fact was very interesting when we compared it with the sensitivity of the same target fungal species to other plant extracts used in our previous studies (Zabka et al., 2009 (Zabka et al., , 2011 . There, the least sensitivity was observed in the case of P. expansum. On the contrary, the most sensitive target fungal species in this study was the dangerous human pathogenic and toxinogenic A. fumigatus. This is fully in accordance with our previous studies mentioned above. Given that A. fumigatus has the highest clinical importance (Bueid et al., 2010; Howard et al., 2010; Kim et al., 2010; Mortensen et al., 2010) of all target fungal species used in this study, its high sensitivity to plant extracts could be considered a very good finding.
In conclusion, this study has revealed the significant antifungal potential of fourteen plants. Three of them, O. dictamnus, O. vulgare and especially Ch. bonus henricus, were able to strongly inhibit the growth of all dangerous pathogenic and toxinogenic target fungal species, and were evaluated as very effective and promising for their potential to be used as bioactive components of botanical fungicides. We suppose that this could be a point of interest mainly in the cases of problematic antifungal treatments.
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